We propose a non-linear inversion method for studying the earthquake mechanism by combining the information carried by both S-wave polarizations and P-wave polarities from near-source records. The posterior probability of parameters (strike, dip and slip fault angles) for the given observational data sets is computed by using a Bayesian approach. The conditional probability density function of S polarizations given a model parameter set is defined assuming a Gaussian distribution for the expected errors. The P polarity information is taken into account in the form of a prior probability density function, which has been defined according to Brillinger, Udias & Bolt (1980). The method is based on the estimate by an exhaustive search of the posterior probability of model parameters. This probability is then represented by its projection on plane sections in the model space. This enables one to locate the maximum likelihood solutions, and to get a reliable estimate of the parameter correlation and resolution. Numerical examples and data analysis show that the addition of a few S polarizations to a P polarity data set greatly improves the resolution on the fault parameters.
INTRODUCTION
Local seismic networks are widely deployed in active tectonic and volcanic regions to investigate the space-time distribution and mechanisms of low-magnitude earthquakes. Data from these short-period instruments may provide important constraints on active tectonic structures and the space and/or time evolution of the regional stress field. Typical recorded signals show a high-frequency content (f > 1 Hz) for source-receiver distance of a few tens of kilometres. The complexity in the observed waveforms is generally due to both small-scale source and medium heterogeneities. In most cases, the local stations are equipped with just a single vertical sensor which limits the data analysis to the use of the only first P arrival times and polarities. These data are inverted to compute the earthquake location and fault mechanism. Sometimes, the limited number of P polarities does not provide a good azimuthal coverage of the source, and the fault plane solutions are consequently very poorly constrained. Path and near-site effects are expected to largely contaminate the high-frequency P amplitudes which restricts their use for source studies to the cases when the details of the velocity structure are well known.
The complementary information contained by the S-wavetrains (polarization and polarities) recorded by a few additional three-component stations is expected to improve the resolution on earthquake location and mechanism parameters. This is mainly because of the different radiation pattern and behaviour on a given ray for S-waves with respect to P-waves (Aki & Richards 1980, chapter 4) . The use of S-wave polarizations for source mechanism studies was developed early in the sixties. The original motivation for these studies was to resolve the controversy, which existed at that time, on the single couple versus double couple mechanism (Bullen 1953; Adams 1958; Udias 1964; Stevens 1964) . A number of least-squares methods were proposed to determine the focal mechanism of moderate to large earthquakes based on the misfit between the obswed and theoretical S polarization angles [ y = tan-'(SH/SV)] measured from teleseismic records (Udias & Stauder 1964; Hirasawa 1966a, b; Stevens 1967) . Udias & Bauman (1969) and Chandra (1971) proposed a computer code based on a score procedure to calculate a combined P and S fault plane solution. and Dillinger, Harding & Pope (1972) used the maximum likelihood method to identify those regions in the model parameter space which provided the largest P and S joint probability fault solutions. These analyses concern a range of frequencies and teleseismic source-receiver distances for which the polarization of S-waves is almost linear and the effects of the propagation medium on the S-waveforms are relatively well known (Nuttli & Whitmore 1962; Hermann 1976) .
Recent theoretical studies (Booth & Crampin 1985; ) and data analysis (Bernard 1987; Iannaccone & Deschamps 1989; concerning the high-frequency signals recorded near the source suggest that there exists a proper distance and frequency window in which the S-wave polarizations are not significantly perturbed by the medium hetereogeneities and can be used for source study.
In a previous paper Zollo & (hereafter quoted as Paper 1) presented a method of S-wave polarization inversion for fault angle parameters which is based on the computation and graphical representation of the joint probability density function (pdf) of data and parameters.
In this paper we present a new method based on the estimate of the posterior pdf of model parameters by taking into account the information on the model space jointly carried by S-wave polarizations and P-wave polarities. Numerical experiments were performed to verify the efficiency of the method in cases where the number of S polarization data is much smaller than that of P polarities, as it is expected in most real cases. Finally, the inversion method was applied to P and S data from an M,*=2.0 earthquake recorded at the Campi Flegrei caldera (southern Italy) during the recent 1982-1984 inflation episode.
METHOD OF INVERSION
The inverse problem to be solved is the estimate of the N,,, vector of model parameters (m) which describe an earthquake mechanism by using the information carried jointly by different data sets. The data are the measurements of physical quantities which are related to the model parameters through generally non-linear theoretical relationships.
In our case, assuming that the earthquake location is known, the model parameters are the fault angle orientations [strike, dip and slip (or rake) (Aki & Richards 1980 ) ( N , = 3)1. Let us consider two data vectors formed by N, measurements of the S-wave polarizations (a") and N p readings of P-wave polarities (dp). In terms of a probabilistic approach, the problem is how to compute the a posteriori probability density function (pdf) of the model parameters for the given two observational data sets. Let us consider first the S-wave polarization data set.
Assuming a double-couple point-source model, the far-field S displacement in a homogeneous medium can be expressed as (e.g., Aki & Richards 1980) :
where us is the S-wave displacement vector observed at a given site, A is a matrix depending on the radiation pattern, Au the amplitude of the slip velocity at the source and s the unit slip vector. This formulation can be generalized for the cases of spherically symmetric and layered media by computing the appropriate spreading matrix and plane wave reflection and transmission coefficients (Aki & Richards 1980) . Let one set where Ius( is the modulus of displacement, and ps the polarization unit vector. For a given velocity model and a known earthquake location, p" is a function of the fault angle parameters only and does not depend on the slip amplitude at the source. The evidence for stable S polarizations in the near-source records suggests that it can be the consequence of a stable mechanism at the source and therefore the inversion of the observed S-vector directions may provide important constraints on the source parameters ; Paper 1). Now, we consider equations (1) and (2) and assume that the expected errors are Gaussian distributed with zero mean (Paper 1). This provides a way to define the conditional probability density function (pdf) of the observed S-wave polarizations (a" = {pf, . . . , p&}), given a model parameter vector m: In (3), 6 is the cost function which is defined by
where Oi is the angular difference between the observed and the theoretical S polarization vector at station i, wi is an uncertainty weighting factor related to the polarization stability and Rf is the S-wave radiation pattern (Aki & Richards 1980) . Oi can be defined between 0 and n/2, i.e. the S polarities are not considered, and the mechanisms obtained by exchanging the P and T axes (adding n to the slip angle) have equal probability values. In case of very clear S polarity readings, this information can be added by defining 0 < Oi < n, which eliminates the ambiguity on the slip direction. In the following all computations are done using 0 < Oi < n/2. The S-wave radiation pattern modifies the shape of the probability as a function of the distance from the S nodal points. This parameter assigns a larger uncertainty to polarizations measured at stations close to the nodal points. It accounts for both the large variability of polarizations and the sharp decrease of the signal amplitude expected in these regions of the focal sphere. 8, is the variance of Oi which accounts for errors in the modelling and in the data. When the number of data is much greater than the number of parameters, 6 may be considered as a x2 variable with (N, -N,) degrees of freedom, and 8, can be estimated by assuming that the measured minimum value of E equals the expected one, E , = (N, -Nm)8,. In other cases 8, has to be assigned arbitrarly. When stations are located close to the nodal planes, R f = 1 and 8, gives the minimum error expected on modelling the S-wave polarizations.
In most of geophysical problems, some a priori constraints on model parameters can be obtained before the collection of a particular set of data, and may be naturally considered in a Bayesian approach of the inverse problem. In particular, the information on the model parameters carried by an independent set of data can be arranged in the form of a prior probability of model parameters.
The use of the Bayes' rule provides a quantitative way to incorporate the prior information on the model space and to compute the posterior probability for m, given an observed data vector do[p(m I do)]: P(m I do) = COastP(d0 I mlP(m)-
(5)
Here, p(do I m ) is the conditional probability for observing data do given the model vector parameter m . p ( m ) is the prior probability of model parameters which represents the state of knowledge about the model space before using the information provided by the data do.
Since we are interested in working with probability density functions, we need to define a reference measure in the model space. According to Tarantola & Valette (1982) , this measure is defined as the null information probability:
where y,(m) is the non-informative pdf. y(m) represents the state of total ignorance on the model parameters and it is constant if Cartesian coordinates are chosen for the model space.
Denoting by a ( m ) and p(m) respectively as the posterior and prior pdfs defined on the model space, and using (3) and (6), we rewrite the Bayes' rule as
The next step is therefore to define in our case the pdfs Let us consider a set of N P readings of P-wave polarities for the same earthquake for which measurements of S-wave polarizations are also available. Assuming that P-wave polarities and S-wave polarizations are independent data sets, the additional information on the source mechanism carried by P-wave polarities can be taken into account by expressing it in the form of a prior pdf.
Brillinger et al. (1980) suggested the definition of the conditional pdf for model parameters m given the observational P polarity data set d P as follows: p(m) and yo(m).
with Y ( R P , y,, p,) = (1 -2y,) erf (lp,RP(m)l) and erf (*) is the error function. The quantity in square brackets in (2) gives the probability that the observed ith polarity is coherent with the one computed from the model p. RP is the theoretical P amplitude at station i for a given fault model. p,(O < p, < m) and y,(O < y, < 1/2) are the parameters which control the shape of the pdf (2). p, and y take into account the errors in ray tracing (and medium velocity) and the uncertainty on polarity reading due to the noise level. For non-noiseless data ( y = O ) , very small values of po(p, < 1) correspond to a probability weakly varying with the distance from the nodal planes, i.e. coherent and incoherent polarities have almost the same probability which does not depend on the distance of the station from the nodal planes. For very large values of po(p,>20) the probability presents a sharp discontinuity near the nodal planes, and whatever the distance from the nodal plane, a minimum probability value is assigned to incoherent , = I polarities and maximum probability value to coherent ones. For intermediate values of po, the difference between the probability levels for coherent and incoherent polarities increases with the distance from the nodal plane, taking its maximum value at the principal stress axes positions, For a fixed value of p,, increasing values of y tend to flatten the probability transition from regions of opposite polarities, which again tends to reduce the difference between the probability levels of incoherent and coherent polarities. This parameter plays the role of a station weighting factor and it has to be chosen very small for clear polarity readings. In this sense, p, in (8) plays the same role as 8, in (3).
Brillinger et al. (1980) applied (7) to compute the posterior probability of fault mechanism models for a given set of P-wave polarities. Here, we use the pdf (7) as the prior pdf for our inverse problem:
( 9) Let us now define the non-informative pdf po(m) for the actual problem. The model parameters are the two angles which define the orientation of the fault plane in the space (strike= $s and dip= 6) and the one which gives the direction of the fault motion (slip = A) on the fault plane. The null information probability (or the reference measure) associated to the slip direction is y, = coast dA, this parameter being defined on a plane. Furthermore, let us note that any fault plane defined by a couple (strike, dip) can be represented by a normal unit vector n which has spherical coordinates (1, 6, GS + n / 2 ) . This normal vector has equal probability in all directions on the whole focal sphere, and its associated reference measure is the solid angle, which leads us to the null information probability associated with the fault orientation, p, = sin 6 d6 d&. For a given fault plane orientation, the normal to the fault is a parameter independent of the slip direction. This allows one to obtain the null information probability as y(m) = y, . y, = const sin 6 d6 dA dQS and hence po(m) = coast sin 6.
(10)
The posterior pdf a(m) of model parameters is finally obtained by substitution of (9) and (10) in (7): (11) where const is computed by normalizing the posterior probability over the model parameter space.
The probability that the true solution m, corresponds to a pdf a(m) greater than a given value p m is simply the integral of (11) . Each model point is plotted on the parameter planes with a symbol corresponding to the probability volume which it belongs to. On these planes, the surface corresponding to the projected points belonging to the 66, 90, and 99 per cent probability volumes may be considered N as being the shadow of the corresponding volumes. Such probability plots are very useful to identify high-probability models, and to precisely recover parameter correlations and resolution (Paper 1).
EXAMPLES WITH SYNTHETICS
We applied the method to synthetic P polarities and S polarizations recorded at a network with eight stations (Fig.   l) , for a source at 10 km in depth. The fault model is a pure dip-slip mechanism (GS = 315", 6 = a", A = -90"). A twolayered earth model is considered with a small gradient variation of velocity in the half-space and a stronger gradient in the upper layer. The velocity model and probability of T-and P-stress axis orientations on the focal sphere (Aki & Richards 1980) . In Fig. 2 (b) the P and Taxes associated with the model points represented in Fig. 2(a) are shown: the strike-slip correlation is related to the relatively poor constraints on the P and T axis orientations which are mainly due to the source-receiver geometry. The synthetic polarizations for the stations represented by a star in Fig. 1 were then computed and inverted together with the eight P polarities. 8, = 15" and equal station weights were chosen to parametrize the S polarization conditional pdf (3). The results of the inversion are presented in Fig. 3(a, b) . Comparison of Figs 2 and 3 shows that the number of high-probability models is significantly reduced by adding the two S polarizations. The strike-slip correlation which depends critically on station geometry is still present but less pronounced, which leads to a better defined position for the P and T axes on the focal sphere. Figure 2(a) shows the results of the inversion by using the only eight polarity data. In this case the posterior pdf (11) is computed by assuming p(dS 1 m) = const. The same values of p = 6 and y = have been chosen to parametrize the pdf. These values were selected according to preliminary tests and results reported in Brillinger et af. (1980) . High-probability model points (represented by larger symbols) are spread over two big patches roughly centred around the parameters corresponding to the true mechanism. The uncertainty and resolution in the model parameters is mainly controlled by the correlation between the strike and slip parameters. This correlation is an effect of a poor station coverage of the regions on the focal sphere close to the major stress axes. Let us note that the projections of model probability on (strike, dip) (strike, slip) and (dip, slip) planes obtained from P and S data sets of individual local events may be easily transformed in projections of the Figure 3 . Synthetic tests using the P polarities and S polarizations. Same representations as in Fig. 2(a) and (b) . The addition of two S polarization significantly reduces the number of high-probability models. The large uncertainty on the T-axis location is primarily due to the lack of data in this region of the focal sphere.
The uncertainty on parameters can be inferred by measuring the 66 per cent probability surfaces (larger symbols). As expected, this error is sensibly reduced by adding the polarization data. Due to the presence of the weighting factor Rf in (3), the addition of S polarizations from stations located close to the nodal planes would have certainly improved the resolution of the fault model parameters.
FAULT MECHANISM OF A 1984 CAMP1 FLEGREI MICROEARTHQUAKE
The method has been used to estimate the fault parameters of a microearthquake which occurred within the caldera of Campi Flegrei (southern Italy) during the last seismic crisis (1983) (1984) . Intense seismic activity (more than 10 000 events in 2 yr) accompanied a large ground deformation episode with a total uplift of about 2 m in the central part of the caldera . Three-component digital data were recorded by a set of 12 short-period instruments provided by the University of Wisconsin Geophysical and Polar Research Center . Fig. 4 shows the epicentre location of the event studied and digital stations used for the analysis. This microearthquake (ML = 2) occurred on 1984 April 1 within a large swarm of events having magnitudes smaller than 3 (about 500 events in less than 7 hr). All the events appear confined within a small volume of 2 x 1 x 1 km3 at an average depth of 3 km (del Re & La Volpe 1988). P polarities were read from the eight unfiltered records of the vertical component of the ground motion.
S-wave mean polarizations were measured from 1-6 Hz band-pass filtered records Only the stations W17 and W12 were selected for the source mechanism analysis due to the observed clear and stable S polarizations and the expected subcritical ray incidence at the earth's surface (Fig. 5 ) , which is due to the small epicentral distance (less than 2 km) (Fig. 5a, b) . Nevertheless, another close record, at the station W21, was not used for the source study because it shows an unstable horizontal S polarization on the filtered records. The anomalous variability of S polarization is related to the apparent delayed first S arrival on the east component relative to the north one. This could be interpreted as being due to the propagation through an anisotropic structure localized near the station, causing the observed shear wave splitting (Crampin 1985) . Let us note, however, that the S signal at W21 may have been perturbed by late arrivals of P-waves whose amplitudes on the horizontal components are less than a factor 2 smaller than the S dominant amplitudes (Fig.  5a ). In fact, the polarigrams in the three orthogonal planes (Fig. 5a) show a near-vertical arrival just before the first S pulse. This arrival presents a horizontal polarization which is coherent with the P-wave polarization and is consistent with the NNE source-receiver direction. It can therefore be a converted P phase generated at a very shallow discontinuity localized under the station W21, since this effect is not systematically observed at the other closest stations. This Fig. 4 . The arrows delimitate the P-wave time window which is represented in Fig. 5(b) . The first S arrival on the east component is apparently delayed relatively to the south one. Note that the P-wave signal on the Z component maintains a relatively constant amplitude level with time which could be related to the arrivals of strong converted phases. Polarigrams in the planes ( S , Z ) and (E,Z) show a near-vertical arrival (S to P converted phase?) which interferes with the first S pulse. (b) 3-9Hz filtered records of the north and east velocity ground motion and (N, E) polarigram. Here a 1 s P-wave time window is considered. Amplitudes are as in Fig. 4 . The polarigram shows a relatively constant polarization in the NNE direction which is coherent with the source-station azimuth.
means that the observed unstable S polarization could be alternatively explained as the effect of multiple arrivals in the S window, having different polarizations, which are related to the presence of a vertical velocity discontinuity along the travel path. A complete analysis of all the records available at station W21 for different earthquakes could help to answer to this specific problem, but this is beyond the scope of the present paper. However, this example shows the need to perform a careful S polarization analysis of the three-component near-source records before using it for any source study. A gradient velocity model was used for inverting P and S data (us = 1.27 + 0.312; u p = 1 . 7~~) .
This model takes into account near-surface P velocity measurements in the area (Rosi & Sbrana 1987) and results from a 3-D inversion of body wave arrival times which shows no evidence for a strong depth dependence of velocity in the upper 3 km of the central caldera. Furthermore, the chosen gradient is able to reproduce, at the surface, near-vertical P arrivals (incidence <30"-40") as observed from P -wave polarization analysis.
The polarizations of S-waves travelling in laterally hetereogeneous media may be changed depending on the velocity contrast and the incidence angle at the interfaces. Assuming a mean horizontal gradient of Av,/Ax = 0.15 (Ax = 1 km) in the central caldera [as inferred from Aster & Mayer (1988) ) the expected variation of S polarization is of the order of a few degrees per kilometre. This angular variation is taken into account in the inversion procedure by defining a larger error 8, in modelling S data.
The results of the inversion are shown in Fig. 6 by using (a) only the eight P polarities, (b) only the two S polarizations, and (c) jointly P and S data. In case (b) the prior density function (9) is assumed to be constant. The inversion of the P polarities alone provides two sets of high-probability models (A and B in Fig. 6a ) which correspond to similar fault plane solutions (Fig. 7) . The cluster C represents the set of conjugated fault solutions to both A and B. Note that the separation between A and B in the model space is an artefact of the parametrization. In effect, as the dip is 0 < dip < n/2, adding n to the strike and inverting the sign of slip gives two equal probability models. In the present case the high-probability models in the cluster B of Fig. 6 (a) correspond to a set of mechanisms with strike $JF = I#J$ + n, slip AB = -AA and near vertical dips. As for the synthetic test, we represent in Fig. 6(d) and (e) the Pand T-axes associated with the models of Fig. 6(a) and (c) , respectively.
The projection of the model probability inferred from the two S polarizations alone shows a quite complex pattern (Fig. 6b ) which reflects the low degree of resolution. The symmetry of the probability shape around A = 0" is related to the definition of 0 < Oi < n / 2 in (3). The projection of the posterior pdf obtained by using both P polarities and S polarizations is represented in Fig. 6(c) . The addition of S data improves the resolution of parameters by reducing the uncertainty around the best-fit parameter values. A clear decrease of probability for model points having a vertical dip in clusters A and B in Fig. 6(a) is now observed. The maximum likelihood solutions are associated with relatively well-constrained P-and T-axes (larger symbols in Fig. 6d and e). In particular, the use of the two S polarizations greatly reduces the uncertainty on the T-axis which is weakly constrained by only using the P polarities. Although the best solutions from clusters A and B are very similar (Fig. 7) , a slight change in the fault parameters produces an abrupt change in the S polarizations at station W17, due to its position on the focal sphere. In particular, a low probability is assigned to the vertical dipping fault planes from clusters A and B since they generate S polarizations at W17 which are at about 90" from the observed one. The best mechanism obtained is shown in Fig. 8 where synthetic and observed polarizations are also reported. The maxima of probability in Fig. 8 correspond to the two solutions $J,=SO", 6=70", A = -40" and $J,=190", 6=50°, A = -150", corresponding to conjugate planes. The uncertainty associated with the 66 per cent level is 15" for the strike, the dip and the slip. Note that this mechanism generates a dominant P-SV-wave in the direction of W31, which explains the interference of direct S with strong P-to-S or S-to-P converted phases.
The most likely fault mechanism from this study differs from the solution provided in Zollo & Bernard (1988) where the S polarizations at seven stations were used for the inversion. This difference is due to the likely underestimate in Zollo & Bernard (1988) of errors in modelling the S polarizations at distances for which the ray incidence angles at the surface are expected to be supercritical. The use of selected S polarizations in the present study and the addition of P polarity information has certainly contributed to get a better constrained mechanism.
DISCUSSION A N D CONCLUSION
The detailed analysis of fracture and deformation processes in active tectonic or volcanic regions requires an accurate estimate of the fault mechanisms. The P-waves of small earthquakes recorded at near-source distances show a high-frequency content and complex waveforms. The difficulty to adequately model the small-scale path effects on P waveforms (lateral hetereogeneities, site effects), prevents their use for source studies. P-wave polarities, which are less sensitive to the details of propagation, are traditionally used to determine fault plane solutions of earthquakes. Moreover, P polarities from a sample of earthquakes (or the inferred fault plane solutions) are also used for estimating the maximum probability stress orientation in tectonic regions (Brillinger et al. 1980; Udias et al. 1982; Gephart & Forsyth 1984; Julien & Cornet 1987; Rivera & Cisternas 1990) . Most of the applied methods are based on least-square or maximum likelihood techniques. The errors in the parameters are computed from the covariance matrix evaluated at the maximum of probability found by the inversion. These inverse methods usually fail when the relation between data and parameters is highly non-linear, which may be the case of a fault mechanism estimated from a poorly constraining data set. Numerical tests and data analysis from this paper show that P-wave polarity data may not be sufficient to uniquely constrain the fault mechanisms of earthquakes recorded by a local network. The reason for this lies in the small number of stations and their generally poor azimuthal coverage around the source. The lack of stations in the vicinity of the stress axes on the focal sphere can introduce a correlation among the fault angle parameters whose effect is to increase the number of the high-probability models and reduce the resolution of the parameters. Several different mechanisms may provide the same fit to P data as shown by the analysis presented for a Campi Flegrei microearthquake. Using the complementary information carried by the S polarizations may improve the resolution of the fault model, as shown in . In this paper and Paper 1 we suggest the careful use of S-wave polarizations from near-source records for constraining the fault mechanism of earthquakes. We point out the need to perform a preliminary analysis of P-and S-wave polarizations as a function of time, frequency and distance by using the plots of particle motion or the polarigrams. This enables one to choose the proper frequency band and distance range for which the S polarization is stable and to select the data set for the source parameter inversion. Moreover, the data analysis in Paper 1 and the example of station W21 described in this paper, showed that the polarization analysis is a useful means to identify and eventually interpret the waveform complexity which gives rise to unstable S polarizations.
In this paper we propose a non-linear inverse method for the source mechanism which uses jointly the information carried by S polarization and P polarity data sets. By using a Bayesian approach, we infer an expression for the posterior pdf of model parameters (strike, dip and slip angles) for the given data sets. The conditional pdf of S polarizations for a given parameter set is obtained by assuming that expected errors are Gaussian distributed with zero mean. The P-wave polarity information is incorporated in the form of a prior pdf, using the definition given by Brillinger et al. (1980) . The method is based on the estimate by exhaustive search in the model space of the posterior pdf and its graphic representation on parameter plane sections. This allows one to recover the complete information on the fault mechanism inverse problem, i.e. the parameter correlation and the resolution.
Let us note that the representation of model probability in terms of T-and P-stress axis orientations on the focal sphere (Figs 2b, 3b and 6d, e) could have useful application for studying the space-time evolution of the regional stress field as can be inferred from the low-magnitude seismicity in active tectonic and volcanic regions. In fact, the comparison of these stress probability maps for different earthquakes can directly provide evidence for a systematic pattern of stress axis distribution.
The inversion method and the graphic representation of model probability described in this paper represent a rigorous approach to the study of parameter resolution for a given data set. In fact, it provides a quantitative means to evaluate, by numerical tests, the constraints on a particular fault mechanism for a given station-source geometry.
As expected, the addition of a few S polarizations to a set of P polarities greatly improves the resolution of the fault parameters. This is because of the complernehtary information carried by S data which have a different radiation pattern with respect to P-waves. In the case of Campi Flegrei data, S polarizations allowed one to significantly reduce the number of possible solutions which provide the best fit to the P data. We therefore think that the method that we proposed, i.e., analysing jointly S polarizations and P polarities, and quantifying an exhaustive search in the model space, may be a useful tool for the study of near-source records.
